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© A structural element for use in a nuclear reactor 
fuel assembly has an inner layer composed of a 
high strength zirconium alloy and an outer layer 
covering the inner layer with the outer layer com- 
posed of a highly corrosion and hydrogen absorption 
and permeation resistant zirconium alloy. The inner 
and outer layers are metallurgically bonded continu- 
ously over their contacted surfaces to produce an 
integral structure. The inner layer comprises from 
50-92% of the finished structural element. Preferably 
the inner layer is Zircaloy-2 or -4. The outer layer 
comprises the balance of the structural thickness 
and is preferably a zirconium-tin-iron alloy or a 
zirconium-niobium alloy. The outer zirconium alloy 
layers cover the inner layer to limit exposure of the 
inner layer to the aggressive cooling environment 
encountered in a nuclear reactor. By combining 
these layers into a unitary structure, a structural 
element having superior strength and creep prop- 
erties is provided which has enhanced corrosion and 
hydrogen absorption resistance. 
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TECHNICAL FIELD 

This invention relates to structural elements for 
nuclear reactors and more particularly to highly 
corrosion resistant structural elements for use in a 
nuclear reactor fuel assembly. 

BACKGROUND 

Structural elements for nuclear fuel assemblies 
must be capable of surviving in an extremely harsh 
environment. These elements may include spacer 
strips and side plates, structural channels, water 
channels, water rods, guidetubes and possibly fit- 
tings and fastening devices. For example, a spacer 
strip maintains a plurality of fuel rods incorporated 
in a nuclear fuel assembly in an organized array. 
These structures must maintain their strength in a 
highly radioactive environment and be resistant to 
corrosion by the coolant circulating around the fuel 
rods at high temperature. Since these structures 
are in continuous contact with a coolant such as 
water and/or steam with, at times, small amounts of 
additives such as boric acid, lithium hydroxide, and 
other impurities, they are subject to severe corro- 
sive stresses . from oxidation at high temperature. 
Dissolved hydrogen may be present in the coolant, 
which may permeate into and react with the alloys 
forming the structures and cause weakening 
through embrittlement and/or by increasing the pro- 
pensity for corrosion. 

To reduce radioactive waste generation and 
increase efficiency, there is an increasing trend to 
produce fuel assemblies which have a longer burn- 
up life. To achieve this, the structural elements will 
be required to endure the harsh aqueous environ- 
ment for longer periods of reactor operation, ac- 
cordingly requiring the retention of their structural 
and corrosion resistant properties for those ex- 
tended periods. 

To meet these requirements, zirconium alloys 
are typically used in forming the structural ele- 
ments for nuclear fuel assemblies. However, while 
some zirconium alloys have high strength, they are 
also susceptible to high corrosion rates in an 
agueous environment. Other zirconium alloys which 
are more corrosion resistant may not meet me- 
chanical strength requirements. To date, these 
structures have typically been made of alloys, such 
as Zircaloy-2 or -4. Stainless steel and Inconel 
alloys have also been used, but these materials 
suffer from a high neutron capture cross section 
and therefore, are detrimental to high efficiency 
operation of the assemblies. 

In U.S. Patent No. 4,751,044, a nuclear fuel 
cladding tube is described having two annular lay- 
ers bonded to each other. An inner layer is com- 
posed of a zirconium base alloy and an outer layer 



is composed of a titanium base material which 
protects the zirconium from the corrosive environ- 
ment of the reactor core coolant. 

In U.S. Patent No. 3,620,691 a fuel rod struc- 
5 ture is disclosed having a high strength zirconium 
inner layer, a gas diffusion-impeding material on 
the surface thereof and a highly corrosion-resistant 
zirconium layer surrounding the gas impeding lay- 
er. 

10 Other fuel rod structures are disclosed in U.S. 

Patent Nos. 5,023,048, 4,675,153, 4,863,679, 
4,610,842, 4,963,316 and 4,735,768. However, fuel 
rod cladding structures require application specific 
properties, since they are used to contain nuclear 

75 fuel pellets. Thus, fuel rods experience different 
environments on the inner and outer surfaces and 
do not serve the same purpose as structural ele- 
ments in a nuclear reactor. 

20 SUMMARY OF INVENTION 

It is an object of the present invention to pro- 
vide a structural element which has enhanced cor- 
rosion resistance and high mechanical and creep 

25 strength for use in a nuclear reactor. 

It is another object to provide a structural ele- 
ment for use in a nuclear fuel assembly which is 
resistant to hydrogen absorption. 

These and other objects of the present inven- 

30 tion are achieved by providing a structural element 
for a nuclear fuel assembly comprising an inner 
layer composed of a high strength and creep resis- 
tant zirconium base alloy and outer layers covering 
the inner sheet, the outer layers composed of a 

35 corrosion resistant and hydrogen absorption resis- 
tant zirconium base alloy. 

The inner layer and outer layers are metallurgi- 
cally bonded continuously over their surfaces to 
assure integrity at the interface. Preferably, these 

40 layers are roll bonded or diffusion bonded into a 
unitary structure prior to fabrication into a structural 
element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

Fig. 1 shows a structural element of the 
present invention in cross section. 

Fig. 2 shows a composite plate or sheet of the 
present invention. 

50 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig. 1, a strip 1 has an inner layer 
2 and an outer layer 3. The strip may be used in 
55 various structural elements of a nuclear fuel assem- 
bly, such as to provide a spacer strip which is used 
to maintain a plurality of nuclear fuel rod assem- 
blies in an organized array. As such, due to its 
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proximity to the nuclear fuel rods and the need to 
maintain an organized array under even extreme 
conditions to assure adequate cooling, the strip 
must have adequate mechanical strength and ade- 
quate creep properties. In addition, the strip must 
maintain these properties in a hot aqueous environ- 
ment for extended periods of operation. Thus, long 
term resistance to corrosion, to hydrogen embritt- 
lement and to neutron radiation is required. 

The inner layer could be a zirconium base 
alloy such as Zircaloy-2 or -4. Such a material 
provides sufficient strength to survive under stan- 
dard operating or accident conditions. The outer 
layers are preferably composed of a zirconium 
alloy which has higher corrosion resistance as 
compared to Zircaloy-2 or -4 and increased resis- 
tance to hydrogen absorption. Such a composite 
layer has the advantage of being easily formable 
into a structural element such as a channel or 
spacer strip. It can also be fabricated by welding 
into other structures without causing significant ex- 
posure of the inner sheet, as the corrosion resistant 
zirconium layer continues to cover the high 
strength inner layer. For purposes of this disclo- 
sure, the terms zirconium and zirconium alloy in- 
cludes such small amounts of impurities which are 
typically encountered. 

Referring again to Fig. 1, the inner layer 2 is 
formed of Zircaloy-2 or -4. Zircaloy-2 contains 1 .2- 
1.7%' by weight tin, 0.07-0.2% iron, 0.05-0.15% 
chromium, 0.03-0.8% nickel, 0.07-0.15% oxygen 
and balance zirconium and incidental impurities. 
Zircaloy-4 contains 1.2-1.7% tin, 0.18-0.24% iron, 
0.7-0.13% chromium, 0.1-0.16% oxygen and the 
balance zirconium and incidental impurities. Other 
alloys useable as the inner layer are zirconium 
alloys with about 0-2% tin, 0-10% niobium, 0-0.5% 
Fe, 0-0.2% Cr, 0-0.2% Ni, 0.05-0.20% oxygen and 
small amounts of impurities as may typically be 
encountered in nuclear grade zirconium sponge. 
Impurities within the normal range for commercial 
reactor grade sponge zirconium are Aluminum 75 
ppm or less, Boron 0.5 ppm or less, Cadmium 0.5 
ppm or less, Carbon 270 ppm or less, Chromium 
200 ppm or less, Cobalt 20 ppm or less, Copper 50 
ppm or less, Hafnium 100 ppm or less, Iron 1500 
ppm or less, Hydrogen 25 ppm or less, Oxygen 
900 ppm or less, Magnesium 20 ppm or less, 
Manganese 50 ppm or less, Molybdenum 50 ppm 
or less, Nickel 70 ppm or less, Nitrogen 65 ppm or 
less, Silicon 120 ppm or less, Tin 50 ppm or less, 
Titanium 50 ppm or less, Tungsten 100 ppm or 
less, and Uranium (total) 3.5 ppm or less. Of 
course, other zirconium base alloys having the 
desired structural properties could be used. 

The strip outer layer 3 is formed of a corrosion 
resistant zirconium alloy. For example, about 0.5% 
tin, 0.4% iron, balance zirconium and incidental 



impurities, or about 0.8% tin, 0.2% iron, 0.1% 
chromium, balance zirconium and incidental impuri- 
ties; or about a 0.5% tin, 0.2% iron, 0.1% chro- 
mium, balance zirconium alloy and incidental impu- 

5 rities could be used. Other alloys usable include a 
zirconium-niobium alloy such as zirconium with 
about 0.5-3% niobium or zirconium alloys having 
about 0-3% niobium, 0-1.0% tin, 0-0.5% iron, 0- 
0.3% chromium, 0-0.3% nickel, 0.05-0.20% oxy- 

10 gen, and the balance zirconium and incidental im- 
purities. 

Zirconium alloys that resemble the composition 
of Zircaloy-2 or -4, but which have a much lower 
tin concentration (below approximately 1% tin by 

75 weight) are preferred as they have shown very 
good corrosion resistance in pressurized water re- 
actor environments. The good corrosion resistance 
also loads to very low hydrogen pick-up levels. 
Alloys containing niobium are also preferred as 

20 they have shown increased resistance to modular 
corrosion frequently observed in water cooled reac- 
tors. 

The inner layer 2, constructed of either 
Zircaloy-2 or -4, or other compositions as indicated 

25 above, are bonded to the outer layers 3 composed 
of the corrosion resistant alloy. Various types of 
metallurgical bonding processes may be used such 
as rolling, extrusion, hot pressing, explosive bond- 
ing or diffusion bonding. The sheets are bonded 

30 continuously over their surfaces. 

Referring to Fig. 2, a plate 4 is fabricated by 
placing a first outer sheet 5, an inner sheet 6 and a 
second outer sheet 7 together as a stack. The 
edges of the stack are then welded together to 

35 bond the outer sheets together to prevent oxidation 
in between the layers during bonding. The stack is 
then heated and rolled in a conventional rolling mill 
to bond the sheets together into an integral struc- 
tural plate or sheet. 

40 The relative thicknesses of the sheet 6 to the 

sheets 5 and 7 may be, for example, about 80% to 
10% to 10%, respectively. From about 4-25% of 
the overall sheet thickness could be comprised of 
each of the outer sheets (balance, about 50-92% 

45 being the inner sheet). While the outer sheets may 
be of equal thickness, they need not be, and de- 
pending on the exposure of the surface, a relatively 
thicker sheet could be put on one side of the 
central sheet and a thin sheet on the other side. 

50 For example, if one side of the structural element 
will experience, in addition to coolant contact, sig- 
nificant wear, a relatively thicker surface sheet is 
provided on this side for prolonged corrosion pro- 
tection. Typically outer sheets 5 and 7 would be of 

55 the same alloy composition although there may be 
instances where dissimilar alloys are favored. 

When used as a spacer strip for supporting a 
plurality of fuel rods for a nuclear fuel assembly, 
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the inner layer has a thickness of about 0.005 to 

0. 030 inch to provide sufficient structural strength 
to withstand the mechanical forces which could be 
encountered. -This inner layer is essentially not 
exposed to contact with the coolant fluid, since the 
outer sheei is nearly continuous thereover. 

At the edges of the strip, the surface area of 
the inner layer exposed to the coolant is very 
small, and since the inner layer has at least mod- 
erate resistance to corrosion, the overall corrosion 
rate of the strip and the hydrogen absorption rate 
are only minimally affected. 

While in the preferred embodiments of the 
present invention, a spacer strip is described, it will 
be understood by those skilled in the art that 
various other structural elements usable in a nu- 
clear reactor may be produced according to the 
present invention. Consequently, various changes 
or modifications could be made by those skilled in 
the art without varying from the scope of the 
present invention. 

Claims 

1. A structural element for use in a nuclear reac- 
tor comprising an inner layer composed of a 
high strength zirconium alloy and outer layers 
covering the inner layer, the outer layers com- 
posed of a highly corrosion and hydrogen ab- 
sorption and permeation resistant zirconium al- 
loy, the inner layer and the outer layers met- 
allurgically bonded continuously over their con- 
tacted surfaces to produce an integral struc- 
tural element. 

2. The element of claim 1 wherein the inner layer 
is a Zirconium alloy comprising 1.2-1.7% by 
weight tin, 0.07-0.2% iron, 0.05-0.15% chro- 
mium, 0.03-0.8% nickel, 0.07-0.15% oxygen, 
0-0.012% silicon, and 0-0.027% carbon. 



mium. 

7. The element of claim 1 wherein the outer layer 
comprises a zirconium alloy having about 0.1 - 

5 1 .0% tin, 0.05 - 0.2% chromium. 

8. The element of claim 1 wherein the outer layer 
comprises a zirconium alloy having about 0.1 - 
1.0% tin, 0.05 - 0.5% iron, 0.01 -0.20% nickel. 

70 

9. The element of claim 1 wherein the outer layer 
is a zirconium alloy containing about 1.0-3.0% 
niobium. 

75 10. The element of claim 1 wherein the outer layer 
comprises a zirconium alloy having about 1 .0- 
3.0% niobium, 0-1% tin, 0-0.5% iron, 0-0.3% 
chromium, 0-0.3% nickel. 

20 11. The element of claim 1 wherein the inner and 
outer layers are metallurgically bonded by hot 
rolling. 

12. The element of claim 1 wherein the inner layer 
25 comprises from about 50-92% of the overall 

thickness of the element. 

13. The element of claim 1 wherein the inner layer 
comprises about 80% of the overall thickness 

30 of the element. 

14. The element of claim 1 wherein the inner and 
outer layers are metallurgically bonded by a 
process selected from the group consisting of 

35 rolling, extrusion, hot pressing, explosive bond- 

ing and diffusion bonding. 

15. The element of claim 1 wherein the outer layer 
is a zirconium alloy containing less than about 

40 1 % tin. 



3. The element of claim 1 wherein the inner layer 
is a Zirconium alloy comprising 1.2-1.7% tin, 
0.18-0.24% iron, 0.07-0.13% chromium, 0.1- 
0.16% oxygen, 0-0.012% silicon, and 0- 45 
0.027% carbon. 



4. The element of claim 1 wherein the inner layer 
is a zirconium alloy with about 0-2% tin and 0- 
10% niobium. 50 



5. The element of claim 1 wherein the outer layer 
comprises a zirconium alloy having about 0.1 - 
1.0% tin, 0.1 - 0.5% iron. 

6. The element of claim 1 wherein the outer layer 
comprises a zirconium alloy having about 0.1 - 
1.0% tin, 0.05 - 0.5% iron, 0.02 - 0.2% chro- 
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